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PREFACE

The Department of Hcusing and Urtan
Develcgnent (HUL) is conducting the Modular
Integrated Utility System (MIUS) Prcgram
devcted tc development and demonstraticn of
the technical, economic, and instituticnal
advantages of integrating the systess fcr
prcviding all or several of the utility
services fcr a community. The utility
services include electric power, heating
and cccling, reotable water, liquid-waste
treatment, and solid-waste maaagement. The
objective cf the MIUS concefpt is tc¢ prcvide
the desired utility services ccrsistent with
reduced use of critical natural rescurces,
protection cf the environment, and minimized
ccst, The rrogram goal is to fcster, ty
effective develcpment and demonstration,
early ingplementation of the integrated
utility system concept ty the crganizaticn,
private or public, selected by a given
ccemunity tc provide its utilities.

Under HUD direction, several agencies
are garticipatirg in the HULC-MIUS Program,
including the Atomic Energy Commission, the
Cepartrent cf Defense, the Environmental
Prctecticn Agency, the National RAeronautics
and Space Administration, the Naticnal Burecau
of Standards (NBS), the Cepartrent of Health,
Educaticn, and Welfare, and the Tepartment
of the Intericr. The Naticnal Academy of
Engineering is providing an independent
assessment of the Prograr.

This publicaticn is one of a series
develcped under the HUD-MIUS Frogram and is
intended tc further a particular asgect cf
the prcgram gcals.
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COORDINATED TECHNICAL REVIEW

Drafts of technical documents are reviewved
by the agencies participating in the HUD-MNIUS
Program., Comments are assembled by the NB8S Teanm,
HUD-MICS Program, into a Coordinated Technical
Review. The draft of this publication received
such a review and all comments were resolved.
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GENERAIL SURVEY CF SOLID-WASTE MANAGEMENT

Ry Terrence G. Reese and Richard C. Wadle
Lyndon B. Johnson Space Center

SUMMARY

Candidate solid-wast= collection, transpcrtation, ang
disposal systems are described in this report. The various
types of solid-waste processing equipment available for use
in a modular inteqgrated utility system are presented.
Automated collection systems are discussed, and the
advantages and disadvantages of pneumatic collection systems
are enumerated. Reclamation and recycling cf sclid wastes
are discussed, and the processes used to separate solid
waste into its various factions are emphasized. The
advantages and aisadvantages of various types of
incinerators are discussed. The final dispcsal process
discussed is pyrolysis, which provides for the recovery of
energy in the form of gas, oil, and char. The
consideraticns for components to be used in a modular
inteqrated utility system are discussed.

INTRODUCTION

The purpose of this report is to descrite,
qualitatively, the technology of modern solid-waste
management systems, This techrology description is written
to relate solid-wvaste management systems to the modular
integrated utility system (MIUS) ccncept. When comparing
the various system concepts to deter-ine the optimum systen
for an MIUS, comnsideration will be given toc economics of
operation, carpital costs, efficieacy, maintenance,
r=2liability, and necessary development etfort.

Although the nse of existing technology in the form of
garbage grinders, compactors, and gpneumatic, vacuum, and
gravity transport systems can reduce present costs, these
systems should be considered for an “IUS on the basis of
environmental and economic impact. Reclaraticn and
recycling are advantageous because the use of these



processes ccnserves natural resources and disposes of solid
vastes without polluting the environment; however, these
operations are expensive, and there is almost no market for
tecovered components at this time, Incineration systems can
be considered for an MIUS because they are capabtle of
reducing solid wastes to a product or form cf energy that
can be used by another utility. The process cf pyrolysis is
alsc capahle of reducing wastes to usable energy and, in
addition, this energy can be stored for use at a later time.

In conducting this technology survey, several
Government and private organizations were contacted and
visited. The discussions with these agencies and firrs
provided relevant information concerning the solid-waste
management systems in use tcday and the agplicability of
these systems to MIUS. A list of these ccntacts is given in
table 1.

As an aid to the reader, the original units of measure
are in the Systeme International d'Unites (SI). The SI
units are written first, and the English or conventional
units are written parenthatically thereafter.

CCGLLECTICN ANC STORAGE

Manual techniques, rather than mechanical and automatic
devices, are used for hore and commercial refuse storage and
for refuse collection systems. Solid-waste storage at or
near the generation site is usually accomplished with
reusable containers. In locaticns snch as high-rise
apartments, office buildings, and de_.artment stores where
large gquantities of refuse are generated and storage
facilities are limited, ccmpaction is cften fpracticed.
Onsite collection is done manually or, in high-rise
installations, by gravity chutes., The use of slurry
collection systems in apartment buildings has not been
success ful.

Pneumatic trash collection is now being introduced to
the United State., by several ccmpanies (the Envirogenics Co.
(automatic vacuum collection system), Eastern Cyclone
Industries, Inc. (Air-Flyte system), and Montyomery
Industries, Inc. (Trans-Vac system)). These systems pereit
automatic, rapid transport of refuse from several locations
near points of generation to a central storage location.
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An overview of the techniques used fcr the ccllection
and storage of refuse before ultimate disposal is presented
in the following discussion,

Pneumatic Collection Systenm

vacuum collection (AVAC) system is currently in use at the
Martin Luther King Hospital in Los Angeles, Califcrnia, :..:
a similar system is heing installed at the Jersey City
Breakthrough site.

The AVAC system is a horizontal system of pipes with an
exhauster at one end and air inlets at the end cof each
branch line. When the system is in operation, a vacuunm
develops at the inlet cf the exhauster, and a high-velocity
airstream is drawn through the transport pipes from each air
inlet., Throughout the system, vertical gravity chutes are
provided with val—red transition to the horizontal pipe
sSystem., Waste material is collected and stored at the tase
of each vertical chute and tien dropped into the moving
airstream, The airstream transports the raterial to a
collection hcpper where the material is deposited; then, the
air moves through a filter and is discharqged to the
atmosphere. Air moves in the system at the rate of 24 m/sec
{(8C ft/sec). The operation of the system is not continuous.
After each cycle, the collection hoppers are emptied
automatically into equipment for ultimate disposal angd
processing. The system is actuated eithler manually by
pushbutton control or on demand through limit switch
controls at storage points., A flow diagram of the AVAC
system is shown in tiqure 1. A schematic diagram of the
system, as installed in hospitals for handling linens and
trash, is shcwn in figure 2.

Air-Flyte_system.- Negative air pressure is used in the
Air-Flyte sys*‘em to move bagged wastes through a tube or
Fiping system frowm depository stations strategicaliy located
within buildings or a building complex to points of
praocessing or disposal. An installaticn of this type is in
use at the Alta Bates Hospital, Berkeley, California. A
sirngle tube, usually petween 30 and 51 centimeters (12 and
20 inches) in diameter is used in the most common systen,
Automatic switching d4evices are used in hospital
installations to direct linens or trash tc the froper
destinaticn., Single-tube systems are equipped with either
one- or two-docr depository stations (although toth in the
latter case are connected to the same single tuke). Systems




in which separate tubes are provided for linen and trash can
be installed. The operations of single- or two-door systems
and single- or dual-tube systems are controlled by a
pushbutton at the loading station., “he system is desined
to dispatch one bag from one locading station to a selected
destination at any given time, The memory system, similar
to the type used for elevator centrol, records demands from
several stations and activates the inner doors of the
various receivers throughout the systep in a time segquence
corresponding to the order in which the demands were rlaced.

Trans-Vac_syster.~ A Trans-Vac system prototype is
operating at Montgomerv Industries, Inc., Jackscnville,
Flerida, with the capability of moving Ltagged or loose
wastes within cr between buildings to a central collection
staticn for processing and/or storage. fThe Trans-Vac
systems use vacuum, 3 combination of gravity and pneuratic
centrol, or positive pressure methods.

Advantages_and_disadvantages_of pneuratic_collection ”

systems.- Pneumatic waste-collection systems cffer the
following advantages,

1. Cdor ard spillage are minirized.

2., Noise from refuse collecticn trucks is eliminated,

3. Handling by sanitation personnel is reduced.

4, Tncreased loads can be handled without increasing R
collection rates.

S. Orperating cost is low compared to present
collection systems. Automated operation requires fewer
personnel,

6. Llow maintenance is raquired.

The main dicadvantage of the pneumatic waste-collection
system 1s the bigh initial cost of installation., However,
economic evaluaticns conducted by pneumatic collection
systen manufacturers indicate that "~ :ese systems are cost
competitive because labor and maintenance ccsts are
minimized and the systems have a longer operational life
than conventional collection systems. Another important
disadvantage is the syctems inalility to collect ftulgk refuse
such as appliances and cther large items,

Compaction
In locations such as high-rise aparctments, office

buildings, and derartment stores where large quantities of
refuse are generated and storage facilities are limited,



ccrpaction 1< often pra~ciced. Coapactcers rnormrally reduce
the volume of refuse by . to 1 although there is equipment
available with tne capacity for a compacticy ratio as high
as 8 vro 1. Comrpaction of refuse is soretimes reguired in
densely populated areas where srice is ‘irited. Compaction
of refuse alsc reduces rodent and insect protlems in stcrage
areas.

Methods of Coliectichn Used in Cities

New equipment being used in sore srall cities includes
waste-collection trucks with mechanical arms for lifting
containers or tags. The ccmmon metheod of individuals
carrying containers from curb tn truck is quite costly in
terns ot lakor and time tc fill one truck. The averaae cost
cf conventicnal collection is approximately $20/Mg ({$18/ton)
of refuse,

Residential gartage is often introduced into sewage
systems through sink garbage grinders, which are a popular
appliance being installed in nav housing. However, thrre
are differirg viewpoints among city officials concerning the
collection and disposali cf ground garbage in municigal
waste-water-treatment plants. Some cities welccme the use
cf home disposal units because gquantities of putrescihles in
curbside storage containers are reduced, whereas the use of
th»se units is discouraged in other cities because sonme
waste~water-treatment systams cannct tclerate the additicnal
load. Collection methcds used in high~density areas vary
with tbe runicipality. 1In many cases, the city Governmert
vill not co’.ect or dispose of refuse frcr apartments and
ccmmercial tablishments. 1In these situaticns, private
collection ~nd disposal companies are relied on. Refuse
frecm these escablishments is usually stored in large
containers, somet: es ccangpacted, and collected ty compactor
trucks that are sgecially designed to interface nechanically
vith the contaicers to facilitate lcaging.

RECLAMATICN AND EFCYCLING

Reclamation and recycling cf sclid-waste materials
rronserve natural resources and dispose cf sclid wvaste
vithout polluting the environment, The first syep in
reclamation and recycling is the <eparation of various
materials from the solic-waste st eam. QCine methcd of
separation is to divide the wastes at the pcint of



generaticn according to combustible and noncombtustitle
material., (This separaticn could be acccrplished with a
pneumatic waste-collection system that has two chutes.,) By
partial separation at the source, th= cost of ultimate
reclamation and recycling is reduced. 1In reclamation and
recycling plants, ferrous metals are separated ty magnetic
separators., These systems are being used by some large
incinerator installations for salvaging tin cans. Sorting
materials of various types by hand is used in sonme
operations; tut this is quite expensive, and the amcunt of
paterial salvaged is small. Separating materials by air
classification has been tested, but size reduction is
required before air classification can be verformed.

The major problem with recycling solid-waste materials
is one of economics. Thnere is sore macket for paper and tin
cans, but other materials are seldom in demand. For
examrple, a plant separating paper, glass, and ferrou«- metals
has operating costs averaging approximately §5,50/g
{$5/tcn) of refuse, which only saves approximately ¥3.3C/NMg
(§3/ton) more than the incineration process. This examgle
assumes that there is a market for the recovered components
in the immediate area. Unfortunately, the buyers of
saivaged metals, glass, and paper are few, and
transportatior costs are high. 1In addition, the paper and
glass industries are not presently equipped to process
recycled materials, tecause cheap and abundant supgplies of
raw materials and internally generated scrap are availatle.

Air Classification

Air classification is an operation in which a mass of
granular particles of mixed sizes and different sgecific
gravities is allowed or caused to settl. through a fluid
that may bte either in moticn or substantially at rest.
Another process used in conjunction with air classificaticn
‘s sizing, or screening, which is the serparation cf various
paiticle sizes intc two or more portions by a screening
surface that acts as a pultiple "go" or "nc qgo"™ gage so that
the final portions consist of particles c¢f mcre nearly
uniform size than those of the original rixture. PResearch
is being performed in air classification at the Stanfcrd
Research Institute and at the Bureau of Mines at College
Park, Maryland. A device used at the Metrcpclitan Waste
Ccnversion Plant of housion, Texas, to remove glass and
nonmetallics from ccompost is called a stoner. This dev. &,
which separates material primarily on the basis of
differences in specific gravity, is manufactured tv Sutton,



Steele, and Steele of Dallas, Texas. A stoner is a dry
vitrating table that operates by passing a stream of air
upward through an inclined screen cr gperforated tatle. The
material to be csorted enters near the top ¢f the inclined
screen, Lighter particles are tuoyed up by the air rassing
through the screen and flcw downward to the lower end where
they are discharged. The inclined screen vibtrates in an
cscillating motion that causes the dense particles to
migrate upward along the screen surface and discharge over
the higher end of the tatle.

Optical Scrters

Cptical scrters can ke used to separate varicus cclors
of glass. Buyers of glass cullet require complete
separaticn of glass with respect %o color and magnetic
swanerties., Y~ o-*i-a)l sorter th:t will aehicv s thig A- -re
ot sepacraticn 1s te2ing develope: by the Bureau of Mines
using a machine tuilt by the Sortex Company of North
America.

Composting

Compost is a humuslike material that results fromr th=z
biochemical degradation of the organic fraction of solid
vaste., This process is generally used in conjuncticn with a
recycling operation. A schematic diagram of the process
used by the Metropolitan Waste Conversion Corporation of
Houston, Texas, is shown in figqure 3. A mechanical digester
is used iu this process to speed up the composting process.
windrov ccmposting requires large areas for processing and
approximately 6 weeks for completion, which includes 2 wecks
for curing and drying. The curing or maturing time for the
Fairfield-Hardy process digester, used bty the Fairfield
Fngineering Ccrpany, is from 1 to 3 weeks., Sewage sludge is
added in many casez to provide additional nutrients.

The advantages and disadvantages of compcsting are as
follows:

Advantages Disadyantages
1. Ccnservatinn of natural 1. Regquirement for sutstantial
rescurces manpower
2. Reduction in amount of 2. Insufficient market fcr
landfill areas reclaimed mdaterials

@l



reguired 3. limited and seasonal

3. Reducticn cr elimination market for compost
of incinerator 4. Llarge amount of land
requirements required for windrow

4, Adegquate handling of compcsting

sewage sludge

INCINERATORS

Volume can be reduced by solid-waste incineration, but
ultimate disposal still requires landfill. A simfple
incinerator buins refuse by increasing the charge
temperature to the pcint of combusticn in the presence of
air. Assuming that sufficient oxygen is available,
efficient incineration will reduce muricinal solid waste to
inert residue that is approximately 5 percent of the
original volume,

Volume reduction can be achieved with current
incinerator technology, but considerable mcnetary and
environeental expense is involved. 1Incineration of 900
kilograms (1 tcn) of refuse costs approximately ¥8 ccrpared
to ¥2C/Mg ($3/ton) for sanitary landfill btased on a 300 NCO
kgsday (1000 tonsday) opezation. Although municipal refuse
is generally atle to sustain ccwmbusticn aftar ignition,
considerable auxiliary fuel must be =2xpended ands/or excess
air must be introduced for maximum volume reduction. If
combustion charbher temperatures rise above 1400 K (zZ0C0©° F),
harmrful nitrogen oxides are formed ard released into the
atmosphere. 1Incomplete ccmbustion releases cartcn mcnoxide
and hydrcgen chloride. High burning rate, high ash ccntent
of refuse, cogbustion chamber turbulence, and excess air can
—~ause undesirable particulate emissions. The design of
incinerators that achieve a high volume reduction with
minimum economic and environmental impact is teing actively
pursued, The Fnvironmental Protection Agency (EPA) is
fundir g university projects for developing latoratory-scale
systems and municipal demonstration units of innovative
incinerator and recovery system design., 1In addition,
private industry is pursuing unique processing rethcds in
the laboratcry and in pilot plant operations.
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Conventional Incinerator

Mcst present-day municipal incinerators are modified
and improved versicns cf basic designs that have lteen in
existence for 20 years. A diagraw cf a typical municigal
furnace is shown in fiqgure 4, The single chawmber,
horizontal grate incinerator has been improved tv mechanical
stcking, the addition of a secondary combustion chamter or
afterturner, automatic feedinqg devices, and temperature
controls. The traveling grate furunace, in which the refuse
is introduced into a rectangular combustion chamber at the
top of a movatle, inclined grate and then turtles to a
residue ccllection pit, has been imgroved by adding an
afterburner and redesigning the grate to increase the
agitation of the refuse charge and to increase the gquantity
of underfire air introduced. The rotary-kiln tyge
incinerator in which refuse is introduced at the top cf an
inclined, rotating, cylindrical combustion chamker is alsc
in use.

With respect to more sophisticated designs now in
developrent, the advantages of these ccnventicnal
incinerators are noteworthy. The basic ccnventional
incinerator generally does not require chargs preraration,
rneeds only wminiral time for startup, and is relatively
inexrensive., Reliability and the knowle?ge of deficiencies
from operaticral experience are the major advantages of
these incinerators.

The disadvantages of converntional incinerators include
lcw burning rates and rapid deterioraticn f equiprent as a
result of corrosiocn and erosion. Older £ 1aces with fewer
automatic controls are expensive to operate because labor
costs, even c¢n rodern incinerators, approach S0 percent of
annual operating expenditures. The most significant frollem
with conventional incine.ators is air-pollution control.
Efficient, ccmrlete combustion is difficult to maintain.
Less than coefplete combustion will result in air-pollution
problems as noxious gases, odors, and particulate ratter are
released to tie atmosphere. In attempting to solve the air-
polluticn prcblem, two possibilities have been investigated.
The mest exgpedient solution has been the addition ~f contrcl
devices that remove suspended particles; however, -
reassessrent c¢f ccmbustion chamber configurations, of the
use of auxiliary fuel, and of the addition of excess air and
turbulence in the chamber has been made.

Air-pollution control devices remcve only tarticulate
matter by mechanical methods or by precipitaticn, Both



method:. decrease the efficiency of the incineratcr systen
because they result in pressure drop across the gas strean
exit. Mechanical methods include settling chamters, in
which reroval depends on gravity, and cyclones that operate
by centrifugal force. Wetted baffle systems in which
particles are entrapped on water film have teen in use since
the 1950*s. Another method, although not in extensive use,
is a bag or fabric filter. Filters are very efficient tut
temperature prcblems, frequent cleaning, and high pressure
drops have limited their use. The efficiency of mechanical
ccntrols rarely exceeds 50 percent because they are
iacapable of removing sicnificant guantities cf spmall
particles, With the exception of bag filters, 'ndividual
use of any cf these methods would not meet the Federal Air
Polluticn Control Standards for modern incinerators.

Particulate removal by precipitation is more efficient
and more widely used. Wet scrubbers of variocus designs are
the most prevalent means of removal by precipitation.
Scrubbers remove suspended particles by collecting them on
droplets of water introduced into the exhaust gas strear.
Although the efficiency of this type system can approach 99
percent, it is directly fproportional to the amount cf energy
expended in producing the spray. As the spray becomes
finer, efficiency as vell as expense are increased. There
are two rajor disadvantages of scrubber systems. The first
is ccrrosicn associated with the dissolution of carton
dioxide and nydrogen chloride in the water. The second and
most significant problem is the disposal of the contarinated
effluent water. Stringent water-quality regulations teing
adopted iationwide will prohibit the releas: of this water
witho' treatment to neutralize the high acid ccntent.

Electrostatic precipitators are even more e€fficient
than scrubbers but their use on municipal incinerators in
the United States has Leen limited tecause cf the high
capitul cost. As effluent treatment requirements beccnme
nore strict, the cost of the electrostatic precipitators
«ill probakl; become more competitive. 1In the operation of
an elec*-ostatic precigitator, rarticulate ratter is
electrically charged and then ccllected as it passes through
an ~l:tric field. As with scrubbers, the efficiency is
preporticnal tc the energy or power input to .he systen.
.ne use of scrubbers and precipitators is also limited ty
the temperature of the effluent gases. As a result cf
excessive stack temperatures, above 533 K (5009 F), great
quantities of scrubber water will evaporate, and the
2fficiency cf electrostatic precipitators will ke reduced.

10



The =ingle chamber, horizontal grate incineratcr has
evclved to a ryltiple chamber unit., The refuse is fed to
the primary chamber where distillation occurs. The effluent
gases are directed into a secondary chamber where they are
consumed, This use of multigle chambers anl auxiliary fuel
reduces particulates to acceptable levels, and no other air-
pollution controls are necessary in most instances.

Fmission problems with the trave'ing grate-type furnace have
also teen lessened by the addition cf an afterkurner
section. An example of a multirle charher incinerator
marketed by the Waste Combustion Corporation is shown in
figqure S,

The conventional incinerators describted in this section
have been successful in meeting the needs cf rFuniciralities
throughout the United States, However, as the availability
of sanitary landfill sites diminishes, as raw materials
supplies for industry decrease, and as the supply of fossil
fuels is expended, this approach to solid-waste disposal
will change. More volume reduction will Lke performed to
allow extraction >f materials for recycling, and the energy
value of refuse will be used. Research and development work
is proceeding, and important improvements have already Leen
demonstrated in incinerator design. Innovative types of
incinerators ncw being demonstrated are the suspension
burner, the high-terperature furnace, and the fluidized-ted
incinerator.

Suspension-Burning Incinerator

Suspension-burning incinerators use cylindrical
combustion chambers in which high-~velccity air is intrcduced
tangentially tc cause high turbulence and to facilitate
burning. 1The primary advantages of this type incinerator
are improved ccmbustion, high refuse consumption rate, and
small size, The use of this incinerator for municipal
wastes requires preparation of the refuse by a shredder
before combustion, and large quantities of excess air rust
be used to create the turbhulence. A "Vorcinerator"
developed by the General Electric Company is teing used in a
demonstration project at Shelbyville, Indiana. Another
design, presently being installed in a Houston hospital, is
manufactured by Fcology Industries, Inc.

1



High-Temperature Incinerator

Conventional incinerators operate in the temperature
range of 1000 to 1300 K (167500 to 18600 F), Higher
temperatures result in slagg..nq of glass and molten metals,
which causes clinkers, damage to grates, and slaqg tuildurp on
the refractory surfaces. Furnaces can be designed to
operate at temperatures of 1400 to 1900 K (20C0° to
30C0° P), hovwever, and they offer the advantage of
additional volume reduction and produce a residue that ray
be useful as aggregate for building blocks and highuay
construction, Concepts related to the steel and ccke
industry are teing incorporated into the current develcopment
of several punicipal waste incinerators. These units are
being develcped by private industry and, to date, nc large-
scale demonstraticn projects are in continuous operaticn.
Because oxides of nitrogen fore at high temperatures if
excess oxygen is availatle, precautions gust te taken in
designing these incinerators.

Fluidized-Bed Incinerator

The EPAR is also furiing a development project, CPU-UCC,
that is being built by the Combustion Power Company. This
project is a complete solii-waste handling facility
includirg shredder, separator, air classifiers, incinerator,
pacticulate removal equipment, and vaste energy equipment.
Rach component of the system is being optimized tefore
integration into the system. The incineratcr that is teing
developed is a fluidized-bed type previously used in the
incineration >f liquid and carefully prepared sclid
industrial waste.

A fluidized-ted incinerator consists of a cylindrical
chamber, partly filled with granular solid {sand), that is
resting on a pocrous plate. Air is introduced through tke
pozcus plate at the proper flow rate, which causes the
sandbed to expand, thereby increasing the free area for gas
flcw to the pcint where the bed acts as a £luid (i.e., the
bed has apparent viscosity and will flow). This particular
model will operate at an air pressure of 4.14 X 1CS N/m2
{60 psi). The bed also has a very high keat-transfer rate
due to the particle turbulence. In this use, the sand is
heated tc approximately 1100 K (1500° F), and the prepared
so0lid waste is injected into the bed where it is rapidly
consumed. Strict temperature limitations must te maintained
during oreraticn so that slagging of the sand and residue
does not occur. When the entire CPU-400 system is
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integrated and operational, the exhaust qgases from the
incinerator will be cleansed by inertial separators and then
used to drive a gas turbine coupled to an electrical
generator. Pecause the ccmrplete syster is nct yet
operational, nc cost estimates are availatle,

FEYROLYSIS

Pyrolysis can be defined as chemical deccrpcsiticn by
heat. As applied to municipal refuse, pyrclysis is the
destructive distillation of the organic fraction in the
absence cf oxygen by heating. The high temperatures used
(400 to 7C0 K (500° to 900° C)) and the lack of oxygen
result in a chemical breakdown of the organic materials into
three component streams: (1) gas, including hydrogen,
methane, carbor monoxide, carbon dioxide, and a small
percentage c¢f rmore complex hydrocarbons; {(2) liquid,
consisting mairly of water with small amounts of acids,
ketones, aldehydes, light oils, and tar; an” (3) solid,
identified as char., The percentages of the product
fractions vary because of the heterogeneous natu.e of the
refuse, the temperature attained, and the heating rate cf
the pyrclyzing chamber.

Pyrolysis of municipal refuse is an attractive method
of disposal for several reasons: (1) Recause the rate of gas
evolution is low, entrapped particles are kert toc a miniwmum,
ané air-pollution controls are unnecessary. Condensing
equipment on the effluent line removes hazardous liquid and
gas products. (2) More than 90 percent cf the energy value
of the raw refuse can be recovered as useful products.

{3) The process is self-sustaining through the use of
gaseous products as a heat source.

With resgect to a continuously operating municipal
plant, the advantages and disadvantages of the process are
not well defined because the process is still in *"e
experimental stage of development., Ccnsideratle freparation
of the refuyse is apparently required if useful products are
to be obtained, Separaticn, removal, and shredding of the
organic fracticn are required; some drying of the refuse is
desirable,

Laboratory-scale studies funded by the FFA have Leen
performed by R. Pailie at the University cf West Virginia,
by a group at the University of California at Berkeley, and
by E. R. Kaiser at New York University. Monsanto, Cities
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Service, Garrett Research Center, ard Battelle, among
others, have conducted research in adapting the process to
scolid-vaste disposal. The Pittsburgh Fnergy Eesearch Center
of the Bureau of PFines perforsed some investigative testing
with a hatch retort unit that pyrclyzed apprcximately 23
kilograms (50 pounds) of sorted and shredded refuse,
ccndensed the liquids, and routed the product gases through
a series of ac.d and caustic scrubbers to improve their
value.

.Testing beyond latoratory-scale studies has been
rinimal. The Bureau of Mines is interested in tuilding a
900 kgsday (1 tonysday) unit with continuous feed; however,
to date, funding has not been appropriated. A schematic
diagram of this unit is shown in figure 6. The University
of Califcrnia at Berkeley built a 7 kg/hr (16 1t/hr) unit
with continuous feed and made favorable ccmparisons with
their laboratory tests., Because the FPA is nc lcnger
funding thi: research, the future of this unit is uncertain.
Garrett Research and Development, Inc. is presently
operating a 36C0-kgsday (4 tons/day) pilot plant in La Verne,
Califcrnia. The city of San Diego has been awvarded an EPA
grant to build and operate a disposal plant in which tbe
Garrett process is used. (l.is plant shnuld be in oreration
by 1975. The Garrett pyrolysis proces. needs development at
the pilot plant level. The present disadvantages are
extensive prerrocessing of the refuse material and the
requirement for shredding, drying, rewmoval of the inorganic
compcnent, and then grinding. There are several parts of
the process that would benefit frcm additicnal research. It
appears that the basic distilling unit can be optimized by
using multiple-stage reactors. A lcw-temperature first
stage or dryer can be incorporated to remove moisture fronm
the refuse and therety improve the value cf the effluent
gases.,

Fluidized-bed reactors in which the crganic refuse
fcrms the bed held in suspension by recycled gaseous
products may be used. Rotary kiln reactcrs can be used to
improve heat transfer to the refuse. With respect to
heating rates and final temperature, fine tuning of the
distillation stage would improve the value of the product
gases, The use of catalysts to inhibit char formation and
reform gases should also be investigated. The Bureau of
Mines unit incorporates acetic and caustic scrubters to
cleanse the effluents. They also recommend use of the char
product as a filter for the liquor product, which is
primarily water. The condenser and product treatment areas
need further imprcvement.
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CONSICFRATICNS FOR MODULAR INTEGFRATED OUTYLITY SYSTFHMS

Collection Systems

The use of existing technology in the fcrm cf garbage
grinders, compactors, and gneumatic, vacuum, and gqravity
transport systems will be evaluated for an MIUS. The
elimination or reduction of odor, spillage, noise, and
handling together with the autcomatic delivery of the waste
to central storage areas are advantaqes of these devices.
Use of these systems should bhe stressed in the MIDS project
tut considered on the tasis cf environmental and eccncmic
impact,

Processing Systenms

Although sanitarv landfill is the mcst envircnmeantally
acceptable method of ul*imate solid-waste disrposal,
incineration systems ar- desirable for an MIUS ltecause solid
wastes can te reduced to a product -r fcran cf energy that
can be used by other utilities.

The adaptation of a pyrolysis unit fcr MIUS should be
explored. The fundamental advantage of a pyroclysis unit
compared to an incinerator with heat recovery is the atility
to store the energy derived from the refuse sc that it can
be used at the time when it is most needed by cther utility
subsystems. Pyrolysis systems now teing developed exrend
this enerqgy irmediately in an afterburner or hea’ exchanger.
Storage of the gas or liquid products for later use in
cperating a heat-recovery unit should be considered. A
relatively large percentage of the product gas is hydrocgen,
Segregation of this hydrogen for use in fuel cells is also
an intriquing idea, Disposal of raw sewage cr sewage sludge
effluent ty pyrolysis concurrent with solid waste should te
investigated. Pyrolysis of solid waste indicates definite
potential although a significant amount of development
appears to be necessary both in the laboratcry and at the
pilot plant level, Because the technclcgy is available,
this development effort should not ke particularly tire
consuming or ccstly., 1If the economics of size are
favorable, then adaptation of pyrolysis for the MIUS should
be pursued because it offers distinct advantages for
integration with the other utility subsystems. Integration
of s:clid-waste processing with utility functions through
sharing of comgonents is ancther alternative,
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To determine the optimum syster for an MIOS, the
eccnaomics of creration, capital costs, efficiency,
maintenance, reliability, and necessary development effort
vill be considered when comparing the varicus alternative
system concepts,

Solid-Waste Processing Costs

At a generaticn rate of 2 kgsday (5 lbsday) for each
person, the solid-waste load in an MIUS demcnstration
project will te approximately 900C kgsday (1C tcnsyday).
Generalized carital cost estimates in the reviewed
literature do not tabulate cost data on incinerator systenms
with a capacity less than 135 000 g/1ay (150 tonss/day). An
MIUS solid-waste processor that includes an automatically
fed incinerator, possibly with the capatility tc incirerate
sewage sludge, and a heat-recovery unit such as a waste-heat
beciler could be designed and fabricated with availatle
components. However, very few integrated systems of this
type exist and none are of standardized design. The
industry has chosen to design each system individually and
tailor it to a specific use. As an estimate, an MIUS
incinerator that could handle 9000 kqy/day (10 tons/day) of
s0lid waste and that would be capable of recovering heat
would cost approxirately $140 000.

Capital ccsts for more advanced systems incorporating
rultiple chambers, high temperatures, suspension burning,
fluidized beds, and various degrees of pyrolysis are
difficult to estimate. These innovative systems usually
offer some forr of heat recovery integral to the unit and
are attractive alternati.es to a conventicnal ircineratcr
that must be adapted for heat recovery. This advantage
alcne would nct justify the selection of a novel systen
unless it was alsc cost competitive.

In some instances the removal of some percentaqge of the
noncombustibles in the solid waste before incineraticn may
be advantageous. The intention wculd ke to raise the
heating value cf the refuse rather than to salvage the
noncombustibles. Separation to any level would have to te
evaluated with respect to process requirements and equicpment
costs. Although a large percentage cf syster cperating
costs is attritutable to labor, an MIUS installation would
be unique because operating personnel would te shared ty
other utilities,
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Onsite solid-waste processing in tae MIUS can offer
significant ccst advantages. Municipal collection, hauling,
and disposal cf the solid waste generated at the
demonstration project could cost apgroxirately $£24/90C kg
($24/ton) or more, depending on the lccation. A rough
estimate of amcrtized capital and operating costs of an
onsite MIUS processing station with a collecticn systenm
would certainly not exceed the ¥24,/900 kg ((¥24/tcn)
estimate, This MIUS estimate does not include credit fcr
recovered waste heat. Incineration of the sewage sludge
wculd decrease the complexity and cost of the MIUS waste-
treatment facility. An additional benefit would ke the
reduction of the 1lccal municipal collection and disposal
requirements,

Onsite processing is not widely practiced for several
reasons. The carpital investment necessary for the
prccessing equirment, the need for skilled cperatcrs, and
the trend toward stricter air- and wvwater-pollution
regulations that make equipment cbsclete befcre depreciaticn
all contribute to the reluctance cf builders to prcovide mcre
thao mic-imal refuse handling equipment. The MIUS processing
scheme will have to address these prctlems,

CONCLUDING REMARKS

The solid-vaste management subsystem to be used in a
mcdular integrated utility system should be capable of
producing products that can be used by cther vutilities.
These products may take the form of steam or hot water, gas,
0il, or ctner ¢nergy torms. Incinerators with heat-recovery
equipment are currently being used. 1In the near future,
pyrolysis plants that produce gas or oil may ke availatle.
The solid-waste management subsystem should also Lte capatle
of disposing of the sludge fror the waste-water-treatment
subsystem. To determine the optimum system for a wmodular
integrated utility system, the economics of operation,
capital costs, efficiencies, maintenance, and reliatility
will be traded off for the various types of availutle
techniques.,

Lyndon B, Jchnson Space Center
Naticnal Aeronautics and Space Administration
Houston, Texas, February 15, 1974
386-01-00~00-72
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TABLE I.~ CORPANIES OR AGENCIFS CONTACTED DURING THF SCLID-WASTE NANAGENENT SORVEY

Cospany or agency

Representative

contacted

rode of contact

Environsental Protecticn
Agency

Aertojet General Corp.

Syska & Hennessey

Bureag ¢t Mines

University of Houston
Ratural Center for Rescurce

Recovery

NASA Headquarters Technolcgy
Otilization Cffice

Torragx Systess

Wasteco

NASA Ames Research Center

Pennsylvania State Dept. of
Health

Hoasanto

Uniop Carbide

Ecology Indosiries, Inc.
M, D. Anderson Hospital
General Flectric Co.
City of Houston

Boeing Vertol

Brule®' Incinerators

Metropolitan Waste
Coaversion Corp.

Barton Dispoezl Service

B & N Systess
(Vaste Cosbusticn Corp.)

Bureau of Mines

Clarence Clemons

Dick Chapman

Pd

Higgins,

Darwin Wright,
Cr. Skinner

George Stevenson

Robert Manfredi,
¥illiam Herdman

Ce.
M.

H.

B. Kenehan,
R. Stanczyk

Nugent Mycick

J. Zussan

Tce Wakefield

Je

2. Stoia

Dean Robbins,
Charles Huar

Jaccb Shigita

Wayane Lynn,

G.
Bd

R.

Euchanon
Stewart

F. Paul

Clea Mahon

Bob Greeser

bPonald R

fr.

L.

Gleon
Kroger

Louglas

Bob Rowan

Victor Brown

Mr. Barton

Gene Clark

D.

P. Wolfson

meeting at JSC
(Cincinnati Solid Raste Office)

Meeting :t Palo Alto, Calif,
{CFU-400)

Telephcne conversation

Telephone conrversation

Meeting io Washington, D.C.
Meeting in Washington, D.C.
Meeting at JSC and at the Oniversity

of Houston

Meeting in Washington, D.C.

%eeting in Washington, D.C.

Telephone conversation

Feeting at JSC

Meeting at Ares Research Center

Telerhone conversation

Telephone conversation

Teiephone conversation

Teleghone conversation

Reeting at 8. D. Anderson Hospital
meeting at JSC

Telephone ccnversation

Telephcne ccnversation

Telephone conversation

Meeting in Houston

Telephone conversation

Meeting in Houston

Telephone conversation
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Truck unloading platform

Receiving conveyor
K \;— Sorting area platform

Saivage collector conveyor
Bailer Scrubber

Burner 5 torage hepoer
Ses 1ge siudge
Vibrator ;/' thickener
Sorting \?/ A Mixing screw conveyor
conveyor 2 Q” Tripper conveyor
H L ]
Vibrator alp Agitator

Primary orinder

Secondary grinder A S ::Jc:'r:s:s;:g
Blower _ e \
Digester bs\& ,
Granulator 2 7
PN < Dryer
Open bulk__»°
storage Conveyor N
Bagager ‘ ol

Covered
bulk storage

Figure 3.~ Schematic diagram of the Metropolitan Waste
Conversion Corporation plant.
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] smoke,
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fly ash,
and odors

Figure 5.- Flow diagram of Waste Combustion
Corporation incinerator.
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